LEZIONE 3 

Cellule e molecole nella risposta 
immunitaria innata 

Cellule ed organi del sistema 
immunitario adattativo 



Naturai killer cells 
and the m/ss/ng se/fhypothes'\s 



Lymphoid Lineage 

Naturai Killer Cells 

Smallestpopulation of lymphocytes. 5-10% 

Important in deterse agahst virai irrectiona and cancars 

Do not express T or G celi receptors 

Altack and kill celle due to: 

1 . reduced MHC I expressìon 

2. Presene© of antibody on celi surface 

Nell'uomo: Large granular lymphocytes, CD56+ CE>3- 



Two naturai killer cells attack a cancer cell. 




Uccidono le cellule anomale (tumorali, infettate da virus, stressate etc.) 
Rilasciano inoltre numerose citochine che favoriscono l'attivazione della 
risposta infiammatoria e la risposta dell'immunità adattativa. 



Both KIRs and KLRs are 
polymorphic, especially the KIRs. KLRs 
are encoded by genes in the naturai killer 
complex (NKC) while KIR genes are 
encoded by genes in the leukocyte receptor 
complex (LRC). 

Different receptors are expressed 
nearly randomly on surfaces of NK cells 
from sanie individuai leading to multiple 
subpopulations. Must have at least one 
inhibitory receptor that can prevent killing 
of autologous cells . 
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NK celi mediated killing is a function of inhibitory and activating 
signals received by NK celi receptors from ligands on the target cell. 

Two ma in dasses: 

1) Killer celi immunoglobulin-like receptors (KIRs). 

2) Killer lectin-like receptors (KLR). 

Activating and inhibitory receptors are present in both structural 
dasses. 

NK celi activating receptors trigger celi killing. 
NK inhibitory receptors prevent celi killing. 

Usually engagement of an inhibitory receptor wil I prevent killing by 
an engaged activating receptor. 

Be aware of the possible conf usion with f unctional def inition: 
KIR Killer Inhibitory Receptor 

NCR Naturai cytotoxicity receptor: NKG2D, NKp30 (CD337), NKp44 
(CD336) and NKp46 (CD335) 



Activating and inhibitory receptors 
of NK cells can belong to the 
same structural family 



Activating receptors 



KLR 



KIR-2DS KIR-3DS NKG2C CD94 



Inhibitory receptors 
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Cytoplasmic signaling subunits Receptor Ligand 
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ligands? 
HLA-E; 



The ligands for NKG2D are MHC-like 
molecules, MIC A, MIC-B or RAET1 
family members, whose expression 
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Interaction of NK celi with 
uninfected healthy celi 



Healthy celi 




Interaction of NK celi with target 

celi in which MHC class I 
expression is lost 



• Virus-infected celi 
(no MHC class I) • 



No killing of healthy celi 



Killing of virus-infected celi in which 
MHC class I expression is inhibited 



A Inhibitory receptor 
engaged 



Multiple activating 
receptors engaged 

Ineffective 
. . . removal of 
Activating pn0 sphates 
and inhibition 
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Stressed celi with 
induced expression 
of activating ligands 



NK celi 
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not activated; 
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NK cells f unction both by 
killing virally infected cells 
and by producing cytokines. 

NK deficiency leads to 
increased f requency of 
herpesvirus infections in 
humans (and to Lysteria 
monocytogenes\x\ mice) 

Killing f unction enhanced by 
IFN-a/p. Cytokine 
production (IFN-y) is 
enhanced by macrophage- 
derived IL- 12 and by IL- 15. 
IFN-y activates macrophages. 



Cytokines stimulating NK cells: 
IL- 12, IL- 15, IL- 18, 
IFNa/p 
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Mast-cel lule* e immunità innata 



Nel topo: mucosali, dei tessuti connettivi 
Nell'uomo le differenze sono meno nette 

Mast cells: 

• derivano da stem cells CD34+ 

• lasciano il midollo prima della differenziazione definitiva 

• la maturazione successiva dipende dal microambiente 

• = eterogeneità 

* Da "Mastzellen" = cellule "ingrassate", "farcite" 



Mast-cel lule e immunità innata 



Sottotipo MC T -> contiene solo triptasi 
Sottotipo MC TC contiene triptasi + chimasi 

Entrambi presenti 
nei tessuti 

Le mast-cellule svolgono molte funzioni importanti 
nell'immunità: 

• Difesa dell'ospite da infezioni batteriche e parassitarie 

• Vascolarizzazione e rimodellamento tissutale 
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Principi dell'immunità adattativa o specifica: umorale e cellulo-mediata 
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TABLE 1-3 Cardinal Features of Adaptive Immune 
Responses 




Feature 


Functional Significance 




Specificity 


Ensures that the immune response to a 
microbe (or nonmicrobial antigeni is targeted 
to that microbe (or antigeni 


Determ inant s/epitopes 


Diversity 


Enables immune system to respond to a large 
variety of antigens 


Lymphocyte repertoire 


Memory 


Increases ability to combat repeat infections 
bythe same microbe 


see next 


Clonai expansion 


Increases number of antigen-specific 
lymphocytes to keep pace with microbes 


see next 


Specialization 


Generates responses that are optimal for 
defense against different types of microbes 


Lymhocyte and antibody 
subsets 


Contraction and 
homeostasis 


Allows immune system to recover from one 
response so that it can effectively respond to 
newly encountered antigens 


Apoptosis 


Nonreactivity 
to self 


Prevents injury to host during responses to 
foreign antigens 


Tolerance - autoimmunity 



Classi principali di linfociti 





Neutralization 

phagocytosis, 
complement 
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Tabls 3-2. Lymphocyte Classes 



Class 


Functlons 


Antlgen 
receptor and 
specificity 


Selected 
markers 


>ercent ot total 
ymphocytes (human) 




Blood 


Lymph 


Spleen 


ap T lymphocytes 




CD4+ helper 
T lymphocytes 


B celi differentiation 
(humoral immunity) 


«P heterodimers 


CD3 + . CD4+. 
CD8- 


50-60* 


50-60 


50-60 


CD8+ cytotoxic 
T lymphocytes 

Regulatory 
T cells 


S^oTSimor cells 


«P heterodimers 
Diverse specificities 
for peptide-class 1 
MHC complexes 


CD3+, CD4-. 
CD8 + 


20-25 


15-20 


10-15 


Suppress function of 
other T cells (regulation of 




CD3+.CD4 + 

phenotypes 
aswell) 








V5T lymphocytes 


Helper and 

cytotoxic functions 
(innate immunity) 


y& heterodimers 
Limited specificities 
for peptide and 
nonpeptide antigens 


CD3+, CD4, 
and CD8 








B lymphocytes 




Surface antibody 
molecSes 


coTacosn' 








Naturai killer cells 


Killing ot virus-infected 
or damaged cells 
(innate immunity) 


Various activating and 
inhibitory receptors 
Limited specificities 
for MHC or MHC-like 
molecules 


C016 

(Fc receptor 
for IgG) 


10 




10 


NKT cells 


Suppress or activate 
innate and adaptive 
immune responses 


for glycolipid-CD? 1 


foMgG?CD3 









of CD4+CD8- to CD8+CD4" cells is about 2:1 . 



CD: clusters of differentiation 




Principi dell'immunità adattativa o specifica: espansione clonale 



Lymphocyte 
clones mature 
in generative 
lymphoid organs, 
in the absence 
of antigens 

Clones of mature 

lymphocytes 
specific for diverse 
antigens enter 
lymphoid tissues 

Antigen-specific 
clones are 
activated 
("selected") 
by antigens 

Antigen-specific 

immune 
responses occur 
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Niels Jerne e Macfarlane Burnet 



Principi dell'Immunità adattativa o specifica: riepilogo conclusivo 



Antigen 
recognition 



Antigen Contraction 
elimination (homeostasis) 



Pudng^. lymph0 ' 




Cell-mediated 
immunity 




Days after antigen exposure = 



Caratteristiche linfociti di memoria: marcatori superficiali 

Linfociti B 
IgG, IgA, IgE 
CD27 



Linfociti T 

CD127 - IL-7Ra+ (ma anche nei T naive) 
CD45R0+ 

CD45R0+ CD62L+ CCR7+ centrai memory 
CD45R0+ CD62L- CCR7- effector memory 



Organs of the Immune system 

Primary lymphoid organs- 

-where maturaticn 1akes place 
-where lymphocytes beccme 
-Thym u s and bori ema rrow 

-lhymus= T-cells 

-bone ma rrow- B-cells 

Secondary lymphoid organs- 

-where lymphoid cella encounter antigen 

-where lymphoid celts are act vated 

-Lymph nodes, spleen, muco&ai associateti 
lymphoid tissue 

Lymphatic System- vascjlar network that coliects 1luid, cells 
and material From tissue and returns it te bbod 



Common 
lymphoid | 
precursor 



nphocytes v. 



Recirculation 
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Spleen 
'Mucosal and 
cutaneous 
lymphoid 
tissues 



Recirculation 
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ORGANI LINFOIDI SECONDARI 



Organi capsulati 

• Milza 

• Linfonodi 

MALT: tessuto linfoide associato alle mucose 

localizzato nel tratto respiratorio, gastrointestinale ed 
urogenitale. 

Sistema immunitario cutaneo 



Lymphatic system 




Linfonodi mediastinici, broncopolmonari 
e tracheobronchiali 







Anatomia dei follicoli linfoidi 




